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SUPPLEMENT LQ INSTRUCTIONS GEI-19645~.K 
AUXILIARY HIGH SPERD SWEEP ASSEMBLY KI? 
FOR USE. WITH 
HC-25-C1, C2 CATHODE-RAY OSCTLLOGRAPH 
___ CATALOG G7 514211161 Heege 
BsoRIPEION 
] The auxiliary high speed swees generator is Eee naee to 
perform the following functions in conjunction With a H0-25-C1 
Soo eathode- “Pay Of scililograph: 
q &. Suoply horizontal sweeo voltages of lengths 
Gel microsecond 
a Oe oe 
Sikes a 
b 4 6 9 
wl fay 5B. Supply 20 ng oe owt co me/sec a 
Beck deflection voltages a timing purposes, 
‘ | | te §6Allow the horizontal SWECD voltage to bea 


the generator is compos sed 


, 


2s 


delayed from zere to at Least 0.5 microseconds 


With respect to the leading sedge of the 
vertical deflection Signal, 


of three components: i.e.. 


Main chassis comprising trigger. delay, 


and sweep CAT EMIULY, 


* 


Timing oseillator chaa ssis containing two 


timing oscillators (20 and 90 me) and 


30 Delay line assembly consisting of approximately 
390 feet of RG/11U cCaxial cable, 


u, Panel controls, hameplates, connectors, ete, 


Generator power requirements are 415 V, 60 e/sec @ 1,5 A, 


“300 V doc. @ 200 ma, = 150 Vd.c. @ 10 ma and 4 900 V d.c, 
a M2 o | 
NSTALLATION ) 

belay Linge Assembly | 

BP Mounting. This assembly should be installed first 


‘from the rear of the os 


« Looking 
Clilograph cabinet the top right side 


panel should be removed and the delay Line assembly slid in 
through the resulting espace, Approximately 36" from the 


bottom of the Osciliograph cabinet four Sheet metal angles 


will be found, mounted to the sides of the oscillograph 


cabinet and running its fuil depth. The tep pair of angles 


ee 


Se 


Will support the delay line assembly by means of the two 


19ng struetural Steel angles projecting from the sides of 


the assembly, The assembly will he orfset approximately 


3" to the right ang should be cen 


ee Se 


éred in depth in the 


Os8cillograph Cabinet. It is attached to the top pair of - 


Cabinet side angles by means of machine screws to be found 


ay fg ea f 


in envelope #11 (body drill 417). oriig holes at the ends 


em @6Of the delay Line assembly side angles through the Oscillograoh 
sapportinge side angles, 


6 


| . eonnections. tvim one projecting end of deley cable to the 
} Proper length and connect it to the osclilogrash input pane] 


athe 


$e : jm vine *, iy Ky é me 2 § 4, + ee m i We al J % 4 q Pty pte as am she 
av bottom rear of vhe cabinet by Means of the components in 


“velope #12. (The Male gonnector ip envelope #12 is to he 


“Sed te connect the Signal line from the Surge generator to 


Che oscillograph). Trim the other end of the G@lay cable te 


or! 


Lo 


the proper length and conneet it to the voltage divider 
t4erninating resistor in the Oscillograoh in place of the 
original connecting cable, If after observation the 
terminating resistor is seen to introduce no spurious 
reflections, the delay line may be used for low speed as. 
well as high speed sweeps. Its only effect then will be to 
introduce a 0.5 mierosecond signal delay and an attenuation 


which can be measnred, 


B. Main Chassis 


Mounting. Looking from the rear the main chassis is mounted 
on the right side of the oscillograph cabinet, large terminal 
strip down, pllot Light to rear of cabinet. Chassis position 
should be high in the cabinet and ta the rear as far as 
practical; when the cabinet side panel is removed the interior 
of the chassis should be accessible, &Approximate dimensions 
eres; top side of chassis at from top of cabinet, rear side 

of chassis 2" from rear of cabinet. A 3/4" x 1/8" structural 
steel angle 23-3/4K Long should be fastened to the inside 
corner posts of the oscillograph cabinet. rhe main chassis 


can be fastened to the angle and be Supported by it. 


£anel Connections, The panel controls should be placed in 


front panel (leoking from the 


~, 


the upper left section of th 


¢t) 


front) adjacent to the cathode-ray tube camera mount. A 
Suggested arrangement is to have the auxiliary sweep speed 
control and the sweep delay control on a top row with the 
Sweep speed control to the left. In the next row immediately 
below the top is the auxiliary timing trigger contrel and 
timing wave selector and then centered below this row is the 


SW6ép polarity seleetor. This arrangement should be 
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bh, Auxiliary Timing Trigger Control. Using the 
components in envelope #3 drill a 15/32" hole 


in the oscillograph front canel and mount the 


switch S2 and nameplate with the OFF 


position to the right. Run leads from $2 to ’ 


terminals 3 -and hy on terminal board A on the 


main auxiiiary sweep chassis. 


5. Auxiliary Timing Wave Selector. Using the 


components in envelope #4 drill a 15/32" hole 


in the oscillograph front panel and mount the 
switch $3 and the nameplate with the OFF position 


of 83 in the §O me. position. Run leads from 


4 


53 to terminals § and 6 on terminal board 4 on 
the main auxiliary sweep chassis, 

&. Auxiliary Sween Trigger Selector. Using the 
components in envelope #5 drill a 15/32" hole 
in the oscillograph front panel and mount the 


Switch Si and the nameplate with the OFF position 


-“_ 


of Sl in the pesitive position. Run leads from 


SL. to terminals 2 and 2 on termihal board A on 


tne main auxiliary sweep chassis, 


ea oOwer Connections. Make the following connections between 


ONS SOT 


the main oscillograph power supply and the main auxiliary 


SWeep chassis: 


~& 300 V doe. to terminal #7 on terminal board A 


=» 150 ¥ doe. to terminal #92 on terminal board A 


115 ¥ 60 eyeles to terminals £213 and #14 on terminal 
; board & 


Ground to termine? €8 on terminal board A 


# 


-& GOO V d.c. to standoff on front edge of chassis 


-S ft 


%, Signal Connections 


PEA GERS FA ae ve 


i. Using components in envelope #7, connect lead 
to Jl from output end of 1.0 microsecond delay 


cable in the time delay circuit of the Low 


speed sweep chassis. (Pin 7 of V1, 12877). 

2e, Using components in envelope #8, connect aronnh | 
length of RG/11U coaxial cable between J2 on 
main auxiliary sweep chassis and sweep trigger 
on bottom of oscillograph rear panel. A separate 
trigger input jack will have to be used for the 
high syeed sweep trigger due to the high frequencies ~ 


present in the triggering waveform. 


C. Usciliator Chassis 


| 1. Movnting. Looking from the rear of the oscillograph, remove 


the back cover plate of the chassis upon which the front 
panel vertical deflection selector switch is mounted. It 
May be seen that the ¢ KC terminal and = KC terminal on the 
rear wafer of this switch are interconnected. Remove this 
interconnection and run all leads te the - Kc terminal , 
leaving the # KC terminal empty. Mount the pin dack in 
envelope #9 on the empty ¢ KO terminal. This jack should 
face to the rear, slightly upwards, and to the right of the 
Oscillograph cabinet. Its exaet position may best be 
determined by placing the auxiliary oscillator chassis inside 


the selector switeh chassis and plugging in the oscillator 


output pin plug into the pin jseek mounted on the 4 KC terminal. 
fhe front face of the oscillator chassis should be flush 


with the rear edge of the selector switeh chassis and 


at ~ Me. Us, ; a : a. he wx yt a ig ‘ we * ea #8 
osciilster chassis components should adequately clear 


selector switch chassis components. When the optimum 


position is determined mount the pin jeeck on the ¢ KC 
terminal and mount the oscillator chassis to the selector. 
gwitch chassis with the screws to be found in envelope #10. 


(Bedy drill #28, tap drill] #43). Jumper out the 220 ohms 


series resistor connecting the rear wefcrof the selector 


switch to the cathode-ray tube vertical deflection plate lead. 


Cut the proper holes in the selector switch chassis back 
cover plate and remount on seleetor switeh chassis, 
Additionally, the rear mounting braces of the switches in 


the selector switch chassis should be eovered with insulating 


tape as se safety precaution. 
rerminal Connections, Connect leads between the following 
oscillator chassis terminals on terminal board C and terminal 


board A terminals on the main auxiliary sweep chassis: 


Hain Auxiliary 
Oseillator Chassis Sweep Chassis 


Lermingsl Number _ 


breve pestanced $ 


iL | be 


2erminal Number 


eo L2 
“ 3 
we f 
he. 


CERN OSG EIST eae 


Signal Comnestiong, The output signals of the oscillator 
chassis are fed out through the output pin plug into the 


pin jack mounted on the # KC terminal of the front panel 


FH, 
| ead 


Changes in Oscillograph in Order te 
the Aurviliary Bieh Speed Sweep 


Using components in envelope #13 modify the low spead 

sweep chassis so as to make it easily inoperable. This 

may be done by mounting the switch (15/32" mounting hole) 

in the 115 V a.c. line to all filament transformers except 
those supolying filament voltage to tubes #1 and #2 in the 
time delay circuit. Connect the pilot Light (7/16" mounting 
hole) across one of the filament trensformers whose primary 
voltage is to be switched. This pilot light should be 
mountead in an easily visible location so as to insure the 


* 


low speed sweep chassis and high speed sweep chassis will . 
not be energized simultaneously. Leave all d.c. leads connected 


st 


to their original terminals. As an alternative, it may oe 
desirable to incorporate the chassis de-energigzing switches 
into a sing! ie DPDT switeh to be mounted on the oscillograph 


front panel aleng with the pilot lights. In this case, the 
switch should perform the described funetions in the low 
speed sweep chassis and switch 115 V a.e. in the auxiliary 
high speed sweep chassis. 

As previously described mount new panel coaxial connectors 
fer the trigger and vertical defleetion AMPULES » These 
connectors mast ba used in order to obtain minimum attenuation 
of the high frequency components present in the anticips bed. 
waveforms » 

As previously deseribed, the coaxial connection from the 
oscillograph input panel to the voltage divider terminating 
resistor shovid be replaced with the 0.5 mierasecond delay 


cable, 


sound AT LON 
; in order to operate the auxiliary high speed sweep the 
‘fohlowing steps are to be taken: 


n> 
v 


ye ‘Be-energize the low speed sweep chassis. 

@e Place shorting leads across high voltage 
terminals to ground and across sweep and 
intensifier coupling capacitors. 

3. Disconnect Low speed sweep chassis ¢ sweep, 
- sweep and intensifier leads from their 
respective coupling capacitors. 

Mee From ‘auxiliary high speed sweep chassis 

lL. Connect read lead to £ sweep capacitor. 
Le Comnect oranges lead te »~ Sweep Gapacitor. 
3. .Conneet red and white lead to intensifier capacitor. 


hy 


5. Connect high speed sweep t 


mf 


Leger input cable to 
Jack at bottom rear of ascent logra ph cabinet, 
G. ‘Remove high voltage shorting leads. 
?, bnergige auxiliary high s speed Sweep chassis 
by switch Sh, Tae 
a  Auxili lary high speed SYGEp Ls “now ready to operate. ko 
Bbserve er ansient waveforms: | 7 


t sweep speed with sweep speed selector. 


if Bi. 

ia 

‘B ti 

ay Ki) 
ie oa > ‘ 
ig x 

ES u 


2, Adjust O - 1.0 microsecond signal delay with 


Selec 


oe ay 


sweep delay control. 
3» Auxiliary timing trigger should be in 


"OFF" position 


u, huxiliary sweep trigger bel sctor should be 
: in the position corresvonding to the sweep 


5, Surge push butten on oscillograph front sane] 
will initiate the desired trensient. 
fo observe timing waves: | | 
‘ye Select sweep speed with auxiliary sweep 
Soeed control. oa 
2. Auxiliary timing trigger switch should be 
in "ON position. _ 7. aoe 7 
3, Select timing wave frequency with auxiliary | 
timing wave selector switeh. 
%, Place escillograph front. panel selector switch 
in # KC position. | : : 
Fe CRO push button on oscillograph front panel 
| will initiate display of timing waveform. 


When taking photographs of high speed transients and high 


frequency timing waveforms the C.R.T. intensity control should 
be set at maximum and the focus adjusted for optimum, 


THEORY OF OPERATION 


=, 


The electronic components of the auxiliary high speed 
sweep assembly are divided inte three sections: . 
&. Timing Oscillators | 


. Trigger Cireuit. 


2 


. Sweep Circuit fe 


stiming Oscillators 


20 me/séec Oscillator. V=L2A is a conventional Hartley 
oscillator whose output is capacitively coupled to the buffer 
amplifier V-13. Fine frequency adjustment is made with slug 


tuned coil Le2, coarse frequency adjustment is made with the 


padder capacitor C-35. 


50 me/sec Oselliator., V-12B is a conventional Hartley 


oscillator whose outout is ¢apacitively coupled te the buffer 


24004 


ae 


4 B % 


plate and energizes the proper buffer amplifier. The plate 


nosition and the CRO butten on ‘the oselllograph panei is pushed, 


gavacitance and grid current loading. When a trigger pulse 


amolifier Vel, Fine frequency adjustment is made with 

slug tuned coil Lel, coarse frequency adjustment is made 

With padder capacitor C-19. 3 

Relay Ke3, which is controlled by panel switch 53, applies 

the desired timing frequency to the C.R.T. vertical deflection 
tuned ciréuit capacitance of the buffer amplifier consists 
entirely of the amplifier ontput capacitance, C.RsT. Snput 
capacitance, and distributed capacitarice of the relay, 
selector switch, and connecting wiring. ine tuning of the 
puffer amlifier tuned circuit is made by slug tuned coils 
L<-3 or Leb, Coarse tuning is meade by physically moving the 
leads on these eolls thus removing or adding fractions of | 
turns. | | 

In order to display the timing wave on the screen of the C.R.T. 


it igs necessary to introduce a pulse inte the trigger eirenit. 


Pounds EEK ‘Tine, Cypeeest 


This is accomplished by a connection from the pulse generarot, 7, 1x s 


= y. 
LOM te, OLE" 


of the low speed sweep eireuit through Ji, K-2, and K-T into 4, t4 


a " 
Sp ERX Corte dda 


the grid of ¥-3. When panel switch 8-2 is placed in the “ON” 


the Low speed sweep chassis generates a trigger pulse which 
initiates the high speed sweep. In this manner, it is not. 
necessary to gener ave a high voltage surge to view the timing 
Waverorms o 


prigeer Circuit 
Limiter, V-1 acts as a limiter by virtue of its input 


is applied eapacitor C-l and the input capacitance act as 4 


=) 
om x BEES 


ee ne ee 


ia 
bi} 


capacitance divider of approximately “tol. If the trigger 
Ls negative, the duration of the pulse is limited to 
approximately 1,0 nierosecond by R=2 and the. effective source 
capacitance. If the trigger is positive, the amlitude is 
Limited and the duration is limited to less than 0.1 micro= 
second by grid Loading and the effective source capacitance. 
Phase Inverter. V-2 is a conventional phase inverter supplying 
Opposite polarity outputs from vlate and cathede circuits, 
Dependent upon the input trigger polarity relay K-1, which 

is cortrolled by panel switch S-1, selects a2 positive pulse 
to be applied to the succeeding stage. 

Pulse Stretcher. V~3 shapes the trigger pulse inte a pulse 
retaining the fast initisl rise but of greatly inereased 
Length so as to enable reliable operation of the following 
time delay stage. The stretehing action is accomplished by 
R13: the 2,2 meg plate load resistor of V-3. A positive | 
erid pulse drives the grid of V-=3 imto the positive region 
where its plate resistance is low and the interstage canacitance 
between V-3 and VelA, VelB is charged rapidly through this 
low resistance. When the input trigger oulse is terminated 
V=3 is cut off, its plate resistance is very large and the 
interstage capacitance must discharge through the high plate 
load resistor R-13, Ce? and Hel also contribute to the 
discharging action, the net result being a pulse with fast 
initial rise but Increased length. | 
Amplifier and Integrator, V-hA is a conventional resistance- 
capacitance coupled amplifier with the addition of C.29 the 
integrating capacitor. This capacitor slows the pulse rise 


time down to approximately 1.5 microseconds. 


+ mt 
<=> [ ie: 4 
4 hee 


aw at 
——— 


Delay Stage . Ve5 Is a sharp cutoff tube whose bias igs 


controlled by R-19, the chassis zero delay adjust control, 


and R-21, the panel delay adjust control. As the input oulse 


to V5 hea a sloped leading edge V=§ will have no output until 


the input voltage exceeds its cutoff bias. Therefore, adjust=— 


ment of this bias introduces 3 delay of from approximately 


zero to 1 microsecond. As the delay introduced by V-3 varies 


considerably from tube to tube, R-19 has been provided as a 


zero adjust. With R-22 set in the miniman delay position R-19 


can be adjusted until the start of the sweep and the arrival 


of the vertical defleetion signal coincide in time. 


Amplifier and Driver, V-6 and V-9 are conventional resistance= 


capacitance coupled ampli; fiers. V6 is used to minimize 


inherent elirculit delays and V-% provides a ih impedance driver 


for the final stage. 


sweep Trigger. V-8 is «4 hydrogen thyratron that initiates 


positive and negative sweeps for the cathode-ray tube. When ea 


trigger pulse is applied to its ae through Tel, after Fs] 


certain inherent delay it changes from & non-condveting to a 


conducting SCLC » 


Amplifier. V-UB is a conventional resistance-capscitance 


coupled amplifier used for phase inversion and ampiification, 


Pulse Generator. V-9 acts as a constant current generator 


which suppiies.a step function of eurrent to the 1.1 micro- 


second delay Line and R-39 the te srminating resister, The 


step of current divides equally between the delay line and 


N= 39; the current in the delay line travels to the end of the 


line where it refleets from the short circuit with a phase 


reversal, It then travels back elong the delay line and 


appears at R-39 once again, resulting in a voltage equal to 


the voltage across R-39 but opposite jn phase. The net effect 

4s that a steo funetion of grid voltage is transferred into 

a Dlate voltage pulse whose iengthn is twice the Length of 

the delay line; i1.e., 2.¢ microseconds. : 

Power Amplifier. Yel) accepts the 2,2 microsecond pulse from 

V=9 and transforms it ints a positive going pulse of approximately 
200 yolts magnitude for intensification of the C.R.T. trace | 
during the sweep. | 
Sweeo Gircult 

The operation of the sweep circuit may best be explained by. 


ths following diagram: 


: a be 
th — 
ca 3 | 
mosches alba E 
| @ i 
ee oe ee 
" he y Bo tk Se nae ae 


If C, is charged to some voltage and Sy is then closed Cz 
will diacharge through Ry, S, and Ry inte C4. the voltage 
By will be a negative going exponential and yoltage Eo will 
be 2 positive going exponential. With modifications this is 
the basis of the high speed sweep circuit. ¥=8 the hyavogen 
thyratron replaces Sy the switch; inductances are placed in 
parallel with the resistances Ry and Ro $0 as GO oitein é 


linear rather than an exponential waveform. The sweep capacitors 


across which the sweep voltages ars developed are C-17 and C-18; 


Rye 


nominally they are 500 mmf mica capaciters, actually they are 


a 


selected values in order to allow for distributed capacities 


and the slate resistance of ¥-8, S-5 serves to switch values 
‘of resistance and inductanee in order to obtain the different 
gweeDp times, in appearance each Sweep ts linear with an overe 
shoot at beginning and end. These overshoots result in | 
bright spots at the beginning and end of each trace of the 
C.R To however, these spots will not fog film and all sweep 
tines are measured between them. D.C. charging voltage ig. 
gupplied by the £ 900 V supply through voltage divider R-53 
and R-55, current limiting resistor R-54, choke L-15, and 
diode Vell. Le15 serves to isolate the power supply from the 
sweep circuit during the sweep interval; the voltage divider 
R-$3 and R95 determines the length of the C.R.T. trace. 
Aa Timing Oscillators 
1. Adjustments ~ 
a, Frequency. The frequency of the timing oscillators may 
be varied by coarse controls C219 and G-35, and by fine 
controLs bel and Lede. tt is suggested that the frequency — 
be set by means of a precision wavemeter held in the 
vicinity of the buffer oscillator tuned eireult. if the 


wavemeter is held near the oscillator tuned circuit, it 


can easily detune the oscillator and thus result in a 
faise indication. | 
b. Hagnitude. The magnitude of the timing wave is best 
adjusted by checveine the C.R.T. timing trace RYId. adjusting : 
it to maximum by means of L-3 or L-4. As these inductances 


; tune to the desired frequency with distributed capacity, 


i 
HH 


7) 


Figen fi j y 
: . Nae nee rn 


it may be vossible for the tuning range not to be broad 

' enough to sllow for all sOseible eabacity yalues. Tn 
this instance, it will be necessary to move the external 
leads on Les ar Ech by Fractions of a turn until the | 
tuning range is satisfactorily Located, 

2. Maintenance ha e 

Excluding component failure and aging, the following 


conditions may cause inoperation:— 

Ll. Dirty relay contacts in Ke3. 

eo. BF vol tage below approximately 250 V. 

2. Replacemant of cathode-ray tube and other 
changes in value of distributed capacitance. 
|B. Trigger Cirovits 


1. Adjustments 
The only preliminary adjustment in the trigger circuits is 


the Baro delay adjust control K-19, With panel control R-22 
Or ininimum delay adjust Re1lS os that the desired vertical | 
deflection waveform appears slightly to the right of the 
bright spot at the start of the sweep. This adjustment snould 
not have to be made again unless V-& is changed or its innerent 
dalay varies considerably with time. 
Excluding component failure and aging, the following 
condi tions may cause inoperation: | 
i Dirty relay contacts in K-] or Kad, 
2. By voltage below goproximately 250 V. 
3. + 150 VY supply off voltage. 


GC, Delay Line Assembly | | 
This assembly should require no maintenance, the only trouble 


arising with its use will be the same ag in any coaxial cable 


— of” 


(i 


@o8o, the values of i 
may change with time and give 


‘paflections » 


6. 
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SAR. 
rise % 


s terminating resistors 


Oo spurious waveforms and 


w 


y 


> 


GENERAL GD ELECTRIC 


wi 
Se ‘ oO: a 
; fi § 
wide | . ee ron | REV ee a en a i 
oe pee RWISE SPECIFIED USE THE FOLLOWING :— NO. | : | 
cee i UNLESS Oo ‘ : ; . CLS MACHINED Dime iStONS 014 ’ y : 
é URFACES TOTAL Astin rece ANN eh RP eA SSS Os 
pide aa FRACTIONS |. DECIMALS — ANGLES CIS LN ee 
Be CONT ON SHEET FIRST MADE FOR 
fo REED LP 
ahaa ral fe é 
] \/ Lf. OM SAREE! Se, 
2 pL] Wim E PE 3 
Ff ‘6 Yah ff “7 Coe re « é ; ‘s i yt 
m | a te sy Te Pe gis at re & ae ai Es : ay} 5, gt PE yf ke ru ‘4 
wee Ea sy i} Fi YP; od Fa ae ner = i a Ae i & he Ey” " » Yi ‘a 
WLR EE p34 » PV i o ~/ jscam Z Cn cau Oo) 
aiuto hands leat copaaaaenat emamanaaaenmieiee ai ET poereasnenr sae Se hee “4 eerste ica Pete meee ee sorbet 
are i * ; ; \ 
sill oitadee I 
; oi : - ic rer pene he Be) 7 * 5 
ee f fi ‘ a te : a oy er in } 
senna i ot "lit i 
™ vie SEN .- F 7 
| erry | | Th oy fs oo 
rh | pin " aghy’ } Me Bs 
| { Oe ln. ae ij pe AN 
x fs i ee fe Berea 
i : : ; Ga WE cee oA howe Tesco ccd SoA a : 
Sass eae abe Pg. ey : Pg. 8 ais 
| eta ennai Pal MA pos gla, 
: pied: ee ae ee a A ie 
” i ‘ain, i & A OAK. ihe t me 
4 t) . 2 } oy } ie I : t et t + 
ME ey} es ~y asia ee 
| } «00! ed | as Q 
Gd " prccilntthaarnr ccs BLA ent CL LOL AED OA DAO ~ aie SES 8 5 4 ke H i 
‘ ; Reiern, “om i rs ; Ye ; 
C2 Px 2 | : 
; i ? 
| 
- cae | i 


3 : 
: C 4 pecan SP tae I Cea eae . 4 
Cee OAL Tee 4 « 7 7 
| 4 { mS 
emt rt herrea TE as mis } ; ‘ i sudden’ i 
Goicw WNStat re ce i 
i i. neatereieantnalaiaiepbhaknn bis pier — is ineeetoorelemicnnttee ti wang, tabs ; { ; i Co L~2- ~) 
i j ; 4 y ; savoir ariets i! | os Lay Hee 
: a i : GEE SOY Boerne 'g 
§ 5 ¥ g lal 8 a fn J oy ; 
i Chi i 2 Se Seta AR f, ot . 
amg * | oT ad ® ann 
} t - be a Bag Laie Rian ond 
‘ Bia | ite cond ice A Oe 
| ei \ “4 aaerie ie ; | NED 7 4h of 
: § Ss; Ye ; 4 i ‘ tet ipl Ls 7 ae fan : 
* C +B 109 } sa | a 6 : Nese. St hee Pe ps 3 4 ‘ay. ee an 
| ; —~ = v ; at ‘ 1% | saben : Sm f aed i . SQ 
oo "9 : } *s J inf } i hy ; $ ; sparrow rence ew i theatnata tte hye trap tse pm mene Nip etinaet stent onto rrareaer ree 
| f ‘ ai 4 Oo) aed 
Be] Qt Sa) Cot Shay : 
test , ‘« : bai» 4a ( vt ; 
ee re | a Steer 
: | Pt 
Ae | aes 
‘ ; “ 4 ; 
9 Y : ' J = 3 Ae 
k 


ey eet ene On ee Core ror 


von te or reais « 


NT TN YY NEE i Lahm wr gen ARE TR Ferm REFER FE MI BF oto 


are 


b a 


ip sbebtociahebdigtpememesinnentieaile seal ry 
& 
' 
, 
be 
MADE, BY a Te ee 
Zs Ls ’ ; id ies 
‘te ee tot is * he tak. U 


assuep /? 


7 A ETERS fi ane PEI ee 


nel 


ant FR. TY BAL 


BOT ye Pee ROR FTES ANF 


rem ee 


REVISIONS 


Fe 


f 


hoe #9 


3 JALOCATION | 


CONT ON SHEET 


f ue ee | b fae 
; pee : P: P 
oe a : 5 
3 x var 


j". TO HEC fas ee 
SMS IR fof | 


ee 


| 


Feng MBG ANF 


prererre atet P Oe neg ese mene ne 


ott 
Se. 
} ‘ sr wth 
ym al 
$ j ie 
? 4 inet Magy 
" 8 * 
4 = 


\pnanaurip nares camel 


) _—TeR 
x , 


i Aiton eh eee oy 


' %, Segre se . 
Sens mcieerget oy Pr ; TT 8 A 
je | : 
SAA Ys ig yA Ri Ru oa (| 
Peoria WASANS IN ABR ers AMOR MONE ey SHI 8) al 
| BRN FR re 
 eeH ee ay we bh vy \ \ 
1 pT Oe 
4 


Say eee a ae 
M 


wee CRORE 


LQ 


ey 


: 
i 
4 


ORE (ote APICES EI “AY ACR NOT ERT 


: 
' 


CONT ON SHEET 


ee OE a lg iad: ele i Py FOS a ee _oemenan essa 


‘ON ONIMVU | | a UNLESS OTHERWISE SPECIFIED USE THE FOLLO' WING 
| APPLIED PRACTICES | SURFACES 


CONT ON SHEET 


A 79 Ot gp Fad ee EE pre fC ae pe ae py 
A cone OW SHEET: ho oecBH ND. Ee FIRST MADE FOR : 


Ke ie 


TO. CATHODE 
sil > & 


Ve 
| 


else 00.00 0 dese 2 : pA A) Oops he soe 
Fa oe MOEA IAA f Le se Cee i 


YA) 


a pe Fi Ae? 


eg res le 


ag 
iz 


Noite VAL LE 
7 AS Ff 
Z8 UH 
WB ae 
a ae aS ES BU ae A ge ee aa o et  700.H 
CHMSSIB. 9% | 2 ee | rh to ot ce e hae eet tk ae ee Lea as 


50. THE Gite ib 


ae = ’ 
+ NMS "\ ve 
: 2 
+h : 
b “a 
- Aye re 
PS Z 4 
ree 
4 + ae 
4 i i 
oe 5 
eee int 
‘ef 
ay Ut 
By F 4 
by. 
Pew = 
o i 
. 
a 
= : 
i 
“ * t . 
b Gye 
eg ; 
i 
: ' 
HUY : 
’ coi\ 
PAYG i 
any 
: 
| 


«€ SLAB? a8, 
1 - PEEL SWEEP 


REVISIONS Siow Se Pe PRINTB YO: 


| 
\ 
: ; 
. mis 
. 
° j 
¥ i ‘ 
PRE 


_ ¢. APPROVALS 


T806-P rea TOF y 
RINT ED, IN US S.Ay 


» " ‘ Ca aes i we y dy Faved 


‘CONT ON SHEET 


end 


ma , z R Ee, ; 5 
ae, amg) . < : ‘ ; - el + Sy: ‘ae = af 
a . . 3 an rare | i : E ee ‘ i Mee : F “ey =o c ; ym 
ey a4 . ete in oe awe 4 ae ‘* : ; : 


CONT ON SHEET 
\/ 


PALS 


athe TO fe. 


ig 
ane | 
INTEM SIF LE Re : 


OE? 


U 
Set 
‘ 
f 
‘ee ‘L 
Aare a 
e. 
ray 
¥ 
sn her Dy pm eee RE nt ny tea eee ng SEY Aa reenact snared Meibpend 6 hp eas yet 
Atitee mae 


CR 


~ GENERAL @ ELECTRIC 


LDF Wares esemmentrtel tine sik Davie rm 4 
Pela 


oe 


FIRST MADE FOR 


ere. 


i 
f 
i 
\ 
| 
ry eae neem et vient rhe Wide himeninnmweteyernr ore 


: . sens 
* P ’, . 
s : 
etre we ney es ortmeens gape pian gneney bese enmmatin i 
; o 


i, 


if 


iS 
-. 


LNs 


SR ee & 
HOES PPR FAs eels eR UERINS Soy EYE 


High Miu Tei — 


oe 


ad | ae 
Sages; 28 ~~ per awe ores ol bese igor ; Stee & 2 ta, my, SS : abuts 
yet a : pd 7 ss 5 CS: 


(OQ pol | 


C v 
a 
Set ale. 


weap nee epee etna sony he eee ene iay pile str nnd tomes. oe 
a NR rae Cyl PeCO Ot Amine metewcners Sinha ts 
ah 
. < mremremeinetpertathikiewecoh i tery katiteneittn ibnagtel ete sateen’ de pengnpdine: tap ty sniteevaes wa, z 
: ; erie, (Si 
we 
if 
_—— 
we 
— 


| 


~ . 
oe tpn ene en hk teen  inpeeemrec eteenennn eae smth ttn 
; 


* 
% 
% 


omen 


a 
Lf hee: , 


TR 


3 re 
ep eet RACE EO GA A CLI ALA A A at 
ts i . 
t 4 
‘ 7 { 
fe fe is 
. Fh | Nb eemetehtidiendnahs Sorcerer mie eienig’ 
¢ 


Soe f+ A4 ed. if 


‘ 2 $ ; . $ 
. 
i 7 ated, AC 
, F ; 
. hie vt 
ne cette en me ey ae nent he mateo | ed nhaapeetioe ae otne ne areninans patanys emery wena tet tae 1m ere ay tenement yarn i oa Be, eet ge vis 
¥ rc s . Hy ae 
own 
faay & 
Be] Gre 
Ay ? 
{ ty 
hie 
; ) ¥ 
“ 
4 


—>- 
LAr , 


meeen 


4 
it 
Oa ' 
0; 
i, 

' 
APF 
i 
t 
‘ 
t 
~nameaimnamenmeentnentn comes etemanhen ea nee ETRY pee Peary Part: Hee it fene-y seman pcm ent NR, A 


# 
ot 
— 


INTEL 2 OE 
SoQ4 


i 
f 


syn nae i henatilirincat a haseenional 
3 
. 


ane nae 


a 
f 
| 

1 


Retin er me at BE ROR GS i Re ee PET sees — : > ee . 
¢ . | ee ; ae ~ 
Ny sey pee f Z 
Sy: eee Fie ee 
; : gq 2% 7 Sa renee i i ; % z ce 
eas ae E : SS ee = “2 eas - = “i Fé - 2 LP tages id malate en on ee 
b =, = ve anata Se aerate aren eae f oS Sat = 
“a - @ © Stay a7 os ig oS 3 


> 
oe tee 
i ““ ? 


2 
Cee aeal 
ft 
: Aa ONT MR RAREST RE mes Uoheanes 


: 


ae 
VON Dm ARR atten TINS OM ee 


r ‘ 
AESIER AU AA BROAN eae near oy 
; } 
. . 
4. 


: 
; 
| ; a 
a = ers ee. n=. Sees oe - eS Fates pei ss Be sae ee SS ee ee eis ene Sees = BOS Fe ee Saas Se oe : pin : ty " ; at rs 
is t Roe : i 2s = sa a eRe tee area wears atl igs eas RS Te 2 ah Rare SO Ee Sp) Raa ia 7: orem Se ae as ke ~ ( Soe rn Ss em gut a Sa cree ie 
. 
t 
i 
i 
} 
j 


rare) 
Pad 


eee ee ee ee es 


2. 
Be. 

ae 

‘ 
Lol 


LZ. 


3 Foe os gE s } ; ; ; _$ A} a) : : = 
; 1 am, Sms ee Ree. f : - Mas te “ ; bait 
. = ? ( ; Ge 
A <a 7 ——4 2 Pe 
: mF OD eee ad vege 
; z Cor : Hl ¢ ‘ 
se | : | es oe 
— Ly > a 4 E { F 
ro. 3} : | ae 
} ~~ 7 ¥ ; ; 
‘ -4 ; - : i 5 i : 
j —3 e-~ : ; i ~ ff i 
i 3 s¢ t net £ ? _ SS 7 ze - ‘ 
; aby 4 { ; : ™._ ts i z 
ie. 5 i , - oF H Pa : a “ated f . : H 
£3 ey ae f fy : : Tie Rea | | : 
en S eae ; _ ; deporiorasiniiprer anteater i ae 4 eae i 
: mb 7 pe ew te ee ee as : : : f 2 +4 q ’ ; ; 1 i } 5 
“a § 4 ; fee ye «J : f : 3 i : Z 
ogy TSE ee eee Ce pee ee te op Ve ee 
go ee ee ee he ai i ae —— A, | : 
wg ee a ee SS ee ety i 
; j ; ; ) Fee v ; ; oT ag = 
a eS ; es : ——s te. i me OY hg : 
: Sie 2, es ; { ; eee 3 ; ; Fag os + : a j : .- ae 
; Seas ea | ; ae : j green arte tees 4 } : i j i herr ed ; 
Shoe, Se oe : S CE aie peer Ce eee 4 ap 
oo ee a4 = aS eas sin mnt Lo em 7 bematllpeinceonn / if # 4 | 
2 4 = $ iat % ] 5 { ; 
+ hee fo ae: > GE Se ; Sa ~ ee : / i ; 
lon | x apt > \ eee 7 
Fa ~ 3 ; = 3 7 a pen. . 4 o : : 
: | Of ‘oe — Fj ee CE ; ao ~ pee ; 
i : j ae : pe a cee ; 
ion f : , XL: 3 ; | mi : ; 
— Z ae 4 : ; ) j 
eer eae i j =~ 4 ey oe ; 
: j Ls g : } t Hy t } : 
: = es : s ; ; 
5 ae Em + I | H 
t a ) eemre aammermnman: Saw Sime —_ ' > = = ' : 
; : a,” = m~. } j Ss : : j 
POW, es. iA cor? DI SS i ¥ | 
i ; #45 ES : = 7 { ; Z f 
Ef) | se es2 ». St S 3% ‘See: 
? : i es ES 
* cae Q : is = = sree } 
} . ' <a % } + ag Cakes! <> : 
€e a qe se “3 . 
f a +} z $ a PR ee i cena ; j BA H rc, wy 5 rast : ; 
cs ae ~, ' ; i : ; ag = a : § 
: ‘ —_ +s H es. ; <a s j woe i 3 } 
) ees “4 | “ Beemer a ~! ee PoE | 
sags ee 7 ie Ss —— F 
| ee ee: wae ao i 2 | 
| | | pt Se | eae i 
: : ; ; a : ‘ ? V3 : 
| ; ; — i a © 7 ; \2 f : 
' : : ras a on a i i H 
I 3 ' + ; : x a Ky a SS ‘ rte PRES i 
: y ee = x Fe tess ec ae : 
; ie a ee Tae Bey ~ 3 fh : 
I $ . , . 7 naa i t £ ; aa ; ; I ba Hf 
| bQ par memguer ss Be aes areas eo = | : | 
{ | ~ $ t > ‘ <4 < { —_— 2 one ee ee wae ans : te tee nn i tar NO RR SE NS aR ARMA I nt RRS YEA SETTER RR NR 
, seunaametemammimemenes 2 at — oe p 4 ; | 
| Wy 4 : sa . ieee 
} Met Be a eee 4 ne . 
- ) - | 
td a CEE Sosa : : ne een ee te re 


Se eee Neeeee 


if : ; 
. : ? ~ 

r | te }. -393 ; 
2 ie WW ——- semen Bs FO AR ee rae - 2 
iy ; Pe a : : me f 
“3 : . i % +‘ : 

‘ ’ a : a 
am | Ml ener eeemeineennnny id _ ¢ 
7 


— 
Po 
ee on te er nn arent! 


—— 


eee cova in tor om 
| 


; 
sf rns teenth 


3 ee rn ee eee 


2 £ 


{ 

3 : 

{ od 5 7s 
, - 

; 

} 

\ 


it & *, ae 


4 ; a re ae “ ; 
: a : 
j ; f = / 
er ; 
a / : re 3 it} oe ae 
' ; ‘ 3 : a ~S be «sie tenes : i 
; | ‘ aS : \ 3 
f ’ < , 
tt oa 
| a ait 4 ; 
ig Shas } ; ; m 7 — 5 
! i a : 
} : a feet ob 
ey j t % 
> é ; 1 
f ; = 
' ~. 

‘ U : 7 > me 
ac ceeret Vi i — be: A 
aQ“IO3! : r me PPI” wright nd - es ) 

i “F DPS; . é 
= ie ay ; ee ; 
{ [~~ | YK 


ae ae ete ie : | . 


‘ Ewes eet! Le erg 
~ .  # 4 


. 5 


é } er : 
igi Be 
—_ Nee arena emcee Si A Ng ‘ ae 
: 3 ; 7 Pic 
: 
4 = 


; SEA 


no a renge bares rer tte 
rad 
a 
+ 
¥ 
; 
t 
ad ad 


Sia STS <a je 
i 


i 
a 
ad 


i : 
~ 
—- 


, : ; 
; ~¥ es { 
> Se ; ; 3 
v 5 Hy i 
Te ; $e me en rt ee 
| > 
‘ ; 
) : : 
Tal ' . : . , 
; 
a i : 
1% ; j j i 
“wl 7 


§ } Tae erect : Lsceisteinaned 
~ S j ; - 
‘ as 5 ; ee, — { ! 
, ~ Seto < a . “F ; 
; : eee ‘ ~  f oe in ee ME eee an 
mm : \ Le } ; i 
: ey ; Sea ok a ped 
; 2 ca 
; . a < =y + I 
x S) a mh . \ ; y, = we ee, Sain ¢ : i " 
Ft fr ' / ry \ ail : eh. } Lernnecrmencanes ey —< 
7 : ; me ota 
a mena ee SEE ts ; ? i t “ 1 : ‘i : & ‘ 4 : 
ten } i ; ie. © : 
> Tr Sf ; i i a 7 ; 
ee ; a Se Pa eS oe See | f se! t eh a“ a zs a4 
i te ce? i ' ] 1 re : ays vAg phi eephivioyeinnipions + 
. : ; / So ~o™ j | “ . t 
or anand aay wmetearte : i : ; re Si ; i os -* eee se 
' A ; : i . } Se ik ter 9 leencatgule A Sn ee ee ae ee Ce = - o BAGO Ma ap: Oe eee Oey So ee — oh aS oD pwd | at _ = Tt oe * 
} Ly . } = Sic : ' ; ? a se a alten ——— 
yy i ; ; nee 2 ; ican 
WN L : 4 , ae a 


| 
| 
| 
é 
| 


t : 
7 - et ee ee tO ee 
@ i e . t ee 
= ~ ; Ave 
\ 4, 2F SO ~ aa : * ; Fay j > 
<a 7K ain *8 : = NN pet i ee tn Tn NEO ROY A NC er a ey nt pel cee RT NR NE NE ERT OT I eS ON A AS OR FE A et Sr rt LI A INL OED TA LOE < - | eaetanianaiaemaanmeneae Hamas > am chasm 
tt et ee —-— “2 “| ~ 4 a: ~~ H ‘ 
- a - : : ze S : fk : t 
F < ie - rene — ee eee ceeeeee BESS Sapee 5 iin 2 : 
*. é . F 73 am - = pag AC) 0m a SIE 95 . 
: i = me > 5 
~ - 
e 


meee, 1% 


Doe dees ¥ 
i = Pasa cae 
= Ete: “ - ~. en A wae I Gt al te? 
ad % . . —_— a SS # <4 
: % ~ = : 
— ‘ ra 
; ae ak ; 
: 
4 


cosinieeiianaee eT ee seu eS: Oi RAL MNO an 
} 
\/ 
A 
f 
ae 
{ 


ETT Ye Oy ere tee nthe eres ty 


\ Re 1. 
; . ‘- rasan , | 
: : i 
; ; ~ | BST serie i nee aeeemers oe ome! < PS Se en - = ave 
: 
i be 


nate emew we oat eens ae 
ne eee 


, fe ars = » } es : 
=; te f tt zy yo 4 i ~~ Cony r) 
f + See ~~ see > a 9 . noth” eT 2 a 
; te et res see ar , » ie eee sn tt tf. 4 F 
’ ‘ | 3 ae %& { ‘, Wis “ ; 
re too i ; 3 PSs g § ee Romane ; 
i i # \ +3 ra Be | } : 


ee meat | t 3 } / 


: ; tf 
Mipren ata oak TES eet ‘ aoa avecod Liciieintintetnapsianicatentinathieemsthiaasemnigighanbetine ieicptetal bes 
: > eae pal | H : ; 
~ t poet } ; ; 
: ae i i > 


ee et ee kT enn Britis 2 bn het Ener PO Re 
¥ . 


iy 4 Vater antennae | Rare tc ae tend } I 5: My % ay Se Sas TESST | 
Fd i %, - i RA \ ee Cam 3 ~~ F =e R 
~ ; 2 ae om fs ; : a a eee a f 2 : 
/ Oe Les at } Ee) Cc € SS re Deities tees FT Zh : 
/ - ye ong: 
a } ~ fe < 
+ tot 
\ : Pest 2 ; 
: ase ceally ne een en, : ~- 
' e 


, 
rennin 


iE 


; 
i 
{ 
i 
| 
i eae siaathiet camnaestenctemmnidpnapeataanennsiis hee ee DOR RTE RN NRIR AR sw 
F = 
Sah . 
J gets i ext yi : 
a ' yw 
ad 
r E 
O 
i 
it “"y 
ee i ae 
} 
{ i 
j 
' i 
on 
Be, 
A ra 
{) i & 


a : : “ = | a oe 

J : i ‘ : 4 Pies ; 

: Ps z ‘ | » 
} i > 4 ‘; ™ Ay : i ees 
S Se : ; t x ¢ ee ts Sima eaten am eins 
‘ ~ . ¥ Mm 3 
+. = ee mE yb ; ok, ; <= i ve Tt ; Vi 
| 2 Py — i Se 

YY yok f x esephciantes 


ee RS RE RR NR A a 


hh JZ 


et te eee 
~ 
4. 
oe 
Sint een 


i. 


i 


i 
scmnemmnpaany ER ee et 
‘ 


1 \ 
enathothineebenerre =p fh 
i 
7 
J 
rt i oye kneny iovembarty wun 
{ 


E ~e “ a ee * ’ * 
; ra ! ne 


‘OM SNIMVUAC 


‘LSSHS NO 1INO9 


; 5%: Ea 
° 2 ~ * < > : 3 
: ¥ aq aR 
oy. ; zn, ee AS SS 
SS A ‘ ~ < 
3 > Ee WY = 


? 
pred rai 


ee ee ee ee Oe ae eee 
a " ~ x 


DRAWING NO. 


CONT ON SHEET St NO, 


FOLD 


‘ 
{ 
‘ 
. 
’ 


pan ss 
> < pS Ping 
ba * 
- ~ 
~ 
hs 
(3; {fe 
} te , 3 
) 5 
} ~~ 
™ 
— 
; ’ —. 
j } ~ 
- t > 
. 
PORE Sa ae S ere, Geren praeehaete Pestilence ogee es — 


bp TAR I NETTIE AP LILA ALI COLL LLL NLL OAT PELL LLL LAL EAC LL A LENA ELA A 


i . 
i 
. 
t 


Ta OF SPT T epee oe eee ce Bae at * | A aN Yee ee oy ee ee a a a ee ST —-_ 
as e"; 
Se 


om end a Tagg) kre . ; ; 
ie oy ry ; \ : 

Sincanureinetiapinrestacngeseeceag? : j } ' a, 

= wn; . * oes + 

Age Se i { a2 


) ; s 
: — tee ee ed 
} la a. Ree — a 2 

; 


_~ ant ae oS : 
: ; 
j 


gt. i 4 

, : iy yj] ' 

é > ¥, ae ett Sameday = 
came GE oc 4 


—— 


eae ae aot © 


4 
} 
AR OE eC NRC al Pe EY HB tn, emg tit jit pe ment tte UE NET OY A RE et OY OEE TT RAO ee NT ee ian er nite 5 nearer tn te rete © nd 
* 
~y 


a 
og 
z 

po Mii era hie: Paden wt 
RE 
é 

| 

§ 


Rew! 

§ a 

a 

A 
Se nN: +a IS See 


x 7 we + Ao Ke “ 
> ae any meamemneetaans mi g ae as ~ << 
: SS ONS es di ot ae 4 
q i ee Et te, yt oe ore 
= ; + has be t Sa 3 gu 
oe Me = a a 
B: Ta ; ‘PE Lat Yet 3 
rebar atidnd ~ Sy a we 
i i AS. <S nig te 3 
; Stam, j ie ie, 2 = a ; : q 
. wh Ss ; = &s 3 : 
| LS : | A Gy 
: pot anteonnent Xd oot ; 
“8 ! : ae es See jv i 
s it Alm ts nent + laces et t ~ be ; ep ‘ ‘ 2 hwctonphinet } 
t ut : se te: Fy eye | ; s : oe : 
< ae aon a4t OH See i a a ere 
‘ “J : on re ! : 5 { 5 5 iL : 
: < i BER. Seay cee ec en wes o~ ¥ } : : er re trem aren oP 
, ¢ oe £7 - iy ; : 7 ? 
| EE : fo BIW | 
3 . “ a ne >. : . 
x 4 = 4 z 3 t 
Sa oe «| Pees : ope a 
7 i : ae S. i i j f 
: } q 3 LF ee. es 4 mi ‘ “i | - j : ed t 
Ba’) : sa * . ’ : : Se § 
i = : ‘ | . i 
3 2 : tS t 2 Cr ! — “a 
FE 4 4 AY Ae | ; a : os 
4 ee lay a 3 
t. i > t ; “4 : Ps 
; ae md Vv} : . 
4 t ; ie / / ‘ i 
. i / ; 
7 | e ' . 
| | ———— | | 
x i : : : : ; 
SoS SE: i ; e.My t ; 
yo | a8 | peck a 
Sy i i Set ee tite sc : y oe 
rh . 2 mo Pes : - a ; 3 re . 14 
““. 4 —_— ; é # ; : % ; i ¥ ‘ : ‘ 
* S: ; ee rey ; ; * / ; ¥ ; y 3 4 , , : 
f3 ROE Fs 5 Ce. in ee SE ce pq See ee : 
- 7 r 7 y it . “Fe . 9 
Bm i ae ee » Ge? ae ; &.-f ; r f= r fa ; ; ; or 3 
: | oe nab ST | ; : : i t i / sete tater —orrnertananconrg } t Te -- 1 } Ss 
a. - ~ i ~~ oy =o i : ] : ae 1 : J oe > i a 5 4 te. Z = —— —: oh ae area Exe as SS. 
. c nl . i — ~~ , / 1 7 te — —T TN a a ~. ana. Es a 
PS CPE es Tt Let ae ee i : ———— 
a, : ca ae + i aed i i f hat 4 : } ae 
. By a a | ' i pte | 
= | os ob Par at Ce 
' cnr ees 5 ¢ i ; ot a Burs ? 
ee bid Po ee ei Seen tes | ere i {4 fs 
Be ; i Y net - ; ; { 
| | fie a oi | ta 
Pe eR I be | 
’ es oe las ; peo 
3 b oe t- ; ie : 3 ; 
x : i > bates: + % "5 : 
5 MH ot i ; 
. X oe oe : 
: ss 3 1 
a , es, $ ; ; 
f { i by 
. m : ® 
i 


V~ 6 
" 
b Mu Toh 


& 
e 
b 


pe ee eee ng 


fi 
& 
.eee 
i; 


Hf 


SY PREP AY Oe rere 


C 
’ 
SP ReCE 


| 
| 
| 
: 


{ 
PRO oe eT eee 


nee ony Oran eee Te nee ame er Tray 


ere 43 


Bs $ a4 it "7 x 
4 & i WN . 3 ; i ; 
‘ ts at Ss eS cate 
Sees ae = : | a . 
ye PNG ai SAY feat rere 


pl 
Tia 
eet yess 


| a By ¢ ‘ - 
eee ee ee ee wa hintaan “= _ * a aa a a ea ln eae oe 
: t . ; 
nen mn ot on 0h = ee as " <a nga - - ~ a ‘ “a = , 
: : ery es pe tt OT Sipser CNSR é : 
: * we 

: > 8 ine: “J e+ ~~ * 

a =f Bae 5 ue ee rwr$ oy . 
. “Wigt OO net Fd —_ - . ; 

, > ] . : : es : 
_— _ ~< 775 t 
Yas ; a } 
$ : ' $ H 

ei 7 j FI 

} = 


& 

| a 
} 

| 

‘i 

’ 

; 
pannesy 
i 

/ 

4 

; 

j 

i 

$ 

i 

i 

| 

j 

} 

i 
a QED FATS TS } isteAe 


: a i * : 
; : ; £ a i 
, ; G 
: : $ : 
t A } 
3 : 3 i 
~et } 
' ; f 
4 | } 
i 
3 } : 
} ; 


erent Be pe eg amen ome eens are paremae wtp PR eee Buh ser 
a, ‘ 


raioniohoih 
r 


én 
Sia 
rf ” 
Sd 
oy ye ; 
} j 
} 
od 
> 
bas 
- . TAR AOE ENOE NT PE EA TIE PM IST BMY) STENT STE ASS | 


CAHE 


O° 
} 
scetiil 


SN Le PE LET AT POLAR LINN DDG EAT LALO LEAT 


AA 


REVISIONS 


r 1 AA TERE ON DRM TPIS aie 2 oo COTES 
: 4 


Sa ee ee 


Sate 
savad Me 


GAN 19 4 


fname 


APPROVALS 


= ty, $2 
yan " { 
Ss 3 j t 
? ©, t Ay 
te £2 
: i i 
~— oe lake Ree 
5 — 
tne = : 
4 , § ; 
i : i 
Ae te 2 : 
ener septate 2 i : 
= > 
i 
us tet Ysa, Sead eo nin ee ae 
. a 
eo 
ay a 
Ge: a ioe 
nee ION 
- i _— 
; ie ey 
= Pit Se 
eee mete 
} 
; 
: a P pe ? 
Somes | hg a : 
a ¥ 
Lin , 
paneer greener ret 
ax $ 
- 5 
i 
Yeeienacat-swess re 
ey 
Oe awe 7 ni 
oo ~ : 
th onsmntints a | 
% - 
: piaseceeipttaniyatnareiane ty 
F ; 
‘ es 
: ~~ ao ast 
Fen eet he «ae — ¥ 
: a 
a 
} 
i 
ox ee ee 5 x 
tas, Sey 
Vata 
hronacsiatnsine—eantesqusiteenneelb: a 
* 


- 4 
Pay ee eee 
7 
: St ae a elem mai peste 4 
. | SESE sc a i } 
Ss ; Tee f = ; ‘ 3 
*“ oe pacer nate © BFE eae pcm er sS | LE enaitinsnennd i eee 
5: 3 rae Pa ' 
es : é : cs es es ‘ ' 
~§ re) Fé < eee i » wa ° | 
+ =e ; : ; p= a j ' 
ages — | i} Stes 2 F - a ce ees Bn een rede Msedberkd adi 
2 a rc : t . ? Sas f bai } 
© Be os a. 
- ; ; ‘ nn 
. iS i cingpurnipetindile weil penetra ae: a OP Severe amore tly i 7 : 
: é : j ores on Bes . 
: F : ; ps ET ‘ r Si ar 1 
= : : ‘ 
t ss al xsd } é i 
< | : FS ga Nee ED NN RTT EI IEE OS t b= ee 
. : : : bw 5 é 1G yo2 
; : 3 _— eee ¢ i” i 
; - ‘ ; i 4 
3 rt 7 ; : ~ fae , 
ate tenetentiataetentienenieammntaianen iiemmametienienientemnamee “4 1 sete sayaaste, 3 r4 San ee <j DS coteemrmeneutne* ' 
: ; g : ; . 7 - > P He ‘ } 
; ose ge ee = 
oo) 4 : : fet he 
Cl ? ‘ ; Eas cies 
: coat am sn ‘ 
: fr A, H a oo Fae bor 7 FA tof xg | 
“ ; 3 ; 3 3 j : jae + es, Pa < -s 
ya i - é ; 2vO re a NP, 
: ee é ‘ Rr 4- as Sateen aie = . , PAs : | 
, Spt ae | Om LN OO. ae 
t A ae i sie Totes aa a SS ls x 
| | | 
* ; & < i 
7 + 5 fF, t t 
= / % } : 
+ —— pe rene are Sener 
~~» r Rte ne a | : 
5 : s 
! 
: 
i = 
« g 
. o > 2 
a = ‘ " i 
: | ieee. eres Soe 
~ > — oe 7 . mate nner oy 
Sin Se So mw, 
i ‘ +4 
§ wd | 
Py § i 
s $ 
* | P ; he , 
oF oe 4 = 
| z \ { 
ae | 3 \ : 
, on ." 
Vy 33 Fa ; - <x marines § 
es net aiiien aneaiid wee a, Sen ee er ao ren ett ete i 
ae ov me 4 f ; 5 / 
a 4 4 : ; : i ? 
: oes | : 
2 were : 3 } 
~ c a : 
& f a a " ae i 
= 4 ~ j _ ota, Sees ; 
E Seer Sac . on Tat BS eae ; | 
5 . ™, SETS 
Ge, SESa aE peta 23 Boe, ee, me, Ne 7 (¥) 
ee: ieee rie Bae Sere i 
: 4 ¢ : aa oz Free ; { ‘ 
; AN KS Bs a a: Riana ee eS as lao i) SS A AS Lie ee SE ree PE 
ee 3 5 ees ee = o— P Sie aS { 
a aN. a meri os be: \ 
ae d 7 i SS ree sem SAS t 
a my i at } I 5 Sie ; 
* r3 y 3 ae Fas ey : 
a %. — ee = 4 3 ae : 
~*~. ? i Oa ~~ NB t : : ' 
_— oes : z : 
Ea Pecos ee Cpeoe ecees Ce | 
; a } 
oe : = : t 
ae \ ar . : } 
; : ] : ~ i 
Fa Seance = i ; 
a gt 
ae ; ; i f 
ine 
yeas ee ; ; 
Si 4 | £ A ; 
; Z ; 
; - TS Ss \ “> ; 
P : ————— a 
~ te nee — 4 ieee + ; 
Pal 4 i 
Ps a ‘ 
: i¥3 ; 
. . { 
= } : ; i ' 
ss f . $x : j 
Bat fz * f ‘ { 
= Pig oe <9 : 
a et ef osinieei : 
: A ; : 
Ed E H 
Fd \ ; i 
aed “¥ 3 
Sm Ti 
4 vf ; G : 
; H i 
3 : { 
; j : 
| | | 
“ > : i i 
+ * = 
é & s ; 
or ee : : ; 
» TR Ey - a ; 3 : : 
= So (F244 : q i 4 
; : 4 & ? j } 
= = Sieber tans oe ghea Nien a + bs ¢ 
c nace! . Z = z 


ens ome Omen penne. Bi ae 


ae 


se A at o 


Ha IE oes 


stern 


hail dean ie = eAeertie 


aw =: Se. (es apy Poe mes. 


hn N | EI eA E P ON SEE ESI 


Ee 208 SREY TV Har me Reet el 


AE NHN At weg met nen Cote SA ot 1 i ep RAN 


eee eer ee Ee t 


ARR SDR De OE 


+ * 
* ” 
4, Pt iad 
‘ee 

we 7 

” * 

’ 
4 
J 
di | canine sstcinenticapapeasins lly 


t 


. 


mere AF 


Ph EP I I 


acon name 


se bie phat em CLN ant A ote “ 


wee 


Wd, 


si 


pene EE EPTRTAAENSS ST beer BP Oe 


+ aw 


ener cme mepmemea nye scat 


F Aww oe 


£ 
» 


rae 2 tor fy 


LORE I, AIG 


Ay A { 


petal Ament —- 


4 
frees ts 


9 et a remem aw ae ney 


ner oe 


: 
bo ee een EE fee 


Ag. 


a er ee tern 


ek SS TRS 


ae yn 


ed tee a eee | 


et aans 


; 
pe ane een eer oneny 


£> vf 


Peeing 


v ‘ 
4 Ain SRR Od Nee me tet er 


SOR FAR BE Or OAR RAEMN Ooi gor San 


snl 


WTI eore 


f 
2 

5 

r a 


teeta 


| Se Cree ee ye 
t 


: 4 


] 


ha 


} 

rm 

3% 

A 
iN 

A eR re 
weal wd Cates a Tm 

h 


Et 
} 
§ i 


| 

| 

SPA 
a2 


Re tyne eater 


weer ow 


a end eee 


peor 
; 


a oy a: | 
Nv . 
. * 
” 
— B 
. _ cs 
+ 
~~~ 
. rt } 
a “; 
~~ 3 = 
se ;- 
% 
; 
Tt 
1 > Zi en 
a SARE nsec ee 
& ; 
, t 
ie 
ba 
Ne 
Ret 
. 
§ 
Pe a 
‘ 


5 | 
Ray mn rere rate eee mer hte mepeeenetemetanen grist teeqanenesasnesetil 
~~ Js ¥ 


— 


styrtrtbsonee: 


née games singh: 


a oe ead 


nena 


~ 


Mente ‘” Aiser 


Aen 25 aS. 


| 


; 
| a aineeentieendon seen —— 
t 


’ 
i” 


a EE ES ee ae 


ie 


a ene 
i/f¢ wf 


wore % 
9 
EOC Uy MO CNRS OT URE Rtn Ler es TO PL IT RADS 


T 


te 


ener her risks oeanlaterpsed eatin wary (it erertse seat -irumndinhinr tamper y-mpainmenamer natn ace ee 


| 
| 
ok 


ge ORR NECN wae PMSend ENTER EW MRR ER em 


eet aeons ammeter ee ps 


1 2 
0 Berm 


3 3 

: ms 
4 

i 


re eens eae 


» 
7 
? 
ees 
Hi 
3 
: 
5 | 
$ 
ae | 
1 
. 
4 
- 
. es 
‘ } ‘ 
t 
ee 


lene . a eae on 


ieee Neer 


cys ont 
; 
x4 
an 
i, 
> 
os 


as 
f = \ 
5 
Pe * 
£ A 
eS se ’, \ 3 
t eS ar ae = 
; 
q £ 
Fd % 
i ty 7 i 
Se y ¥ 
; SSSI 4 comune: Sp 
: 
4 rs, : 
Z > 


Sree Nile SpA ame Ne iar 1d nea oe DAR INAS Ab RAAB LADLE ODA AT Eg re IE 


S, 


: * 
U7 
Sed 
me 
i 
eps 
‘ 
<< , 
eer 


oe 


& 
i 
| 
[ X 


picideueoland aera! 


{ 


of ee 


+ 
‘tng 
yy 
+3 


Tae aa 


ores 


seed 
« 
is 


FF 


LA RO YL Re ROPES 5 me Pe ee A PEN ANT It IR 


— swoneie 


Fa | 
fu 
y 


oe a nN LY CO TER Eke, RE TT ae 


é° 


3 Paes 6 eee aun: 3 


Seco 
ape : 


$ 
; 2 
? = 
, nl a Od 
; ” ape 
> — 
> 


Nene 


' “ a ae 
4 in. ae ‘ 
: scslinemeeencrcnec tra 2 Fz ae 
3 4 pee ; 3 
pe al ern nid ar CSET A RE SI ERO ST AM ES 
\ fear terre } 3 
% : ; 3 
~ ‘ ’ 
~ ‘ a a 
1 ON eatery P a oe eee S ; Dee 
hp 2 Nake oe 
: ; 
al - 


eee ¢ — 
Sees a 
Siar -% 3 
; 
i 
om as 


i 


Cp eh ete eS 


t 
sieitiantnl ey) 


Bis ech ecophadigneivienticaiginc 
?. 
* 


Eh Maree g rere th or ne 


Me ieae er! SEF gy 


mae 


rary 


ere 


yor. 


Fiennes neti Barnet samt a 


9 cere oe neneeemerenreeventennnis 6 ei ariexinm ay, 


oer 


= 
. 
) 


es 


a 


es 


PR vb ed eneeenseshciheenanent-nrmcnnsn 2 atm tet 


ne ee 


1 


eacdnternectininhanet shite mates tiny tr ttt te ANON Cate mene t 


FE-809-P (3-50) 
PRINTED IN U.S.A. 
 Y 


THIS ENVELOPE CONTAINS AN 
INSTRUCTION BOOK 


TUBE DIVISION 
ELECTRONICS DEPARTMENT 


GENERAL &@ ELECTRIC 


ET-S7 
Superseding GEJ-91M 


12-46 (10M) PRINTED IN U.S. A. 


ELECTRONICS DEPARTMENT co 
GENERAL @ ELECTRIC 
_Kenotron KC-4--Description and Rating 


The KC-4 is a kenotron for use as a high-voltage rectifier. 


TECHNICAL INFORMATION 


These data are for reference only. For design information see the specifications. 


GENERAL CHARACTERISTICS 


Electrical 


Cathode - Filamentary 
Filament Voltage 
Current, approximate 


Mechanical 


Type of Cooling - Convection 
Maximum Ambient Temperature 

Net Weight, approximate | 

Shipping Weight, approximate 
_ Installation and Operation - ET-H14 


Pounds 
Pounds 


MAXIMUM RATINGS 


Peak Inverse Voltage 
Peak. Plate Current 
Plate Dissipation 


EMISSION CURRENT IN MILLIAMPERES 
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Emission Characteristic 


K-6917 415 


KC-4 Kenotron 


8-25-44 


150,000 
750 
750 


Volts 


_Milliamperes 


Watts 


65 MAX. DIA. 


CAP #3912 


Outline KC 


K-2636627 


-4 Kenotron 


7 -1-44 
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General Installation and Operation of Kenotron Tubes 


Installation 


MECHANICAL 


The handling of a kenotron in trans- 


portation and storage requires great care 


since the tube may be permanently damaged 
if subjected to shock. Each tube is sus- 
pended within its shipping carton so that 
it will not come in contact with the sides 
of the carton during shipment. The tube 
should be stored in the carton and should 


be protected from moisture and extreme 


temperature changes. Furthermore, while 
the tube is being handled it should be 
kept in a vertical position with the cath- 
ode end down. Under no circumstances 
Should crated tubes be piled on top of one 
another. 7 


The kenotron should be installed in a 


vertical position with the cathode base — 


down. xi 


In installations where a nonrigid 
anode connection is used, reasonable flex- 
ibility must be provided to prevent plac- 
ing a strain on the cathode base. Since 
the bulb becomes hot during continuous op- 
eration, it should not come in contact 
with any metallic body, nor be subjected 
to the drops or spray of any liquid. : 


The accumulation of dust and metallic 
particles on the outer surface of the 
glass walls will increase the leakage over 
this surface. As this may result in tube 


failure from arc-over, periodic cleaning 


of these surfaces should be maintained. 


When a kenotron is operated at volt- 
ages above 75 kv peak inverse, harmful 
X-rays may be generated. Adequate protec- 
tion against these x-rays should be pro- 
vided. 


COOLING . 


Free circulation of cool air around 
the glass bulb should be maintained. High- 
temperature air from other apparatus 
should be prevented from circulating 
around the tubes. If desired the tubes 
may be immersed in a tank of oil with the 
transformers. 


*Note: The ratings and characteristics 
of a particular tube are given under Tech- 
nical Information on the Description and 
Rating Sheet for that tube. 


ELECTRICAL 
Filament power should be supplied 


from a filament lighting transformer insu- 


lated for the proper voltage. This trans- 
former should be provided with a secondary 


_midtap for the plate circuit return lead. 


The filament excitation supply must be 
provided with suitable resistors or other > 
regulating devices to apply the power to 
the filament gradually and to adjust it 
accurately during operation. The filament 
voltage should be measured directly at the 
filament terminals. 


The high initial rush of current 
through the filament when the switch is 
first closed should be limited by the use 
of some form of filament starter. The 
proper use of the filament regulating de- 
vices will prevent this initial rush of 
current from destroying the filament. In 
any case, the current through the filament 
should never, even instantaneously, exceed 
twice the *rated value. | : 


When the apparatus in which the tube 
is used is to be idle for periods not ex- 
ceeding two hours, voltage should be main- 
tained on the filament. However, if de- 
sired, provision may be made to reduce the 
filament voltage to approximately 80 per. 
cent of the *rated value during "standbys." 
Where stand-by periods exceed two hours 
the filament voltage may be removed. 


The plate circuit should be provided 
with a time-delay relay which will prevent 
application of plate voltage until the 
filament has reached normal operating 
temperature. 


Automatic protective devices should 
be installed to prevent over-plate-volt- 
age, over-plate-current, or under-fila- 
ment-¥voltage conditions. 


In the case of multi-phase installa- 
tions, the plate transformer is usually 
designed for, rectifier use. In the case 
of a double Y rectifier, the use of an in- 
ter-phase transformer is recommended. The 
cathode base should not be connected to 
ground or to any other part of the cir- 
cuit. | ; 


The installation of all wires and 
connections should be made so that they 
do not lie on or close to the giass of the 
kenotrone An air space of approximately 
the length of the tube should be main- 


) 
ars 
02 


oy Single-phase, Full-wave | 0.318 Emax 0.450 Erms | Emax 3.14 Eavg 0.636/Imax 
2 || Single-phase, Full-wave | 0.636 Emax 0.900 Erms| Emax 1.57 Eavg 0.636 Imax 
3 | Three-phase, Half-wave | 0.827 Emax 1.170 Erms V3 Emax 2.09 Eavg 0.827 Imax 
4 | Three-phase, _ ee 

Double-Y Paralle1 _| 9-927 Emax 1.170 Erms| 1.732 Emax 2.09 Eavg] 1.91 Imax 
5 | Three-phase, Full-wave 1.65 Emax 2.34 Erms © 5 Emax 1.05 Eavg 09.955 Imax 


| Voltage Doubler 


O’ 


Note for Fig 6: 


So that the tube ratings are not exceeded. 


chosen to limit charging current so that 
ceeded. 


tained between the bulb and any metallic 
body during operation. Otherwise, corona 
discharge may develop and result in punc- 
ture of the glass bulb. 


Operation 


Ordinary care in handling and provi- 
Sion for the necessary operating condi- 
tlons peculiar to the kenotron will mini- 
mize accidental damage to the tube. 


The maximum values given in the *rat- 
ing of kenotrons° are™~ the values beyond 
which it is unsafe to operate, if the 
maximum life and performance are desired. 
For example, the. maximum operating plate 


, 2.83 Erms Eavg 
No Load Conditions No Load Conditions 


Output voltage depends on. load and circuit regulation. 


The circuit must be designed 
Particularly, values of C and R must be 


peak current rating of tube will not be ex- 


given on the Technical Information 


voltage can be obtained from the Technical 
Information and the amount of voltage 
fluctuation, due to line, load, and manu= 
facturing variation in the apparatus must 
be determined or estimated. An average 
value of plate voltage must be used which, 
under normal operating variations, does 
not exceed the maximum rated value. 


With regard to Dower, the ratings 
pre- 
Scribe two limiting operating conditions. 
The first is a maximum peak inverse volt- 
age which should not exceed a certain safe 
value determined by the insulation between 


electrodes of the tube. The maximum peak 


- ; somos ; 
(fmm? FP GL | Oe @ 
REACTOR : 
eee ee ees 

1 2 


The second limiting value is the Ppow- 
er dissipation of the plate which is de- 
termined by the d-c load current almost 
regardless of the voltage across the load. 
The maximum peak plate current is the 
greatest instantaneous current that may be 
drawn from a kenotron on the half cycle 
during which the plate of the tube is pos- 
itive. As the design of the circuit, es- 
pecially the amount of capacitance in the 
circuit, is @ major factor in determining 
the amount of current available in a given 
rectifier, oscillograph measurements of 
this current should be made.if any doubt 
exists as to the magnitude. 
tron is to be operated at full *peak cur- 
rent rating, it will be necessary to main- 
tain exactly the rated filament voltage. 
If the peek current to be drawn is less 
than the full rated value, the allowable 
filament voltage regulation increases as 
the value of the peak current decreases. 


The following tabulation shows the 
reduction of the maximum peak current with 
reduced filament voltage: 


Filament 


Meximum 

Voltage Peak Current 
% of Rated @ of Rated 

100 100 

95 65 

90 1O 

85 | 25 

80 10 


Excessive anode temperature is an in- 
dication of abnormal voltage drop in the 
tube and is usually caused by low filament 
temperature. Filament voltage greater 
than the rated value, while increasing the 


inverse voltage is the highest voltage 
that the tube will insulate on the half 
cycle when no current is passing through 
the tube. As any and all of the following 
factors - line Surges, circuit capacitance, 
wave form distortion, and the maximum peak 
voltage of the applied alternating volt- 
age. - may increase this inverse voltage 
to @ value higher than the rated maximum 
peak voltage, the kenotron should never be 
used at the maximum rated voltages unless 
measurements, either by oscillograph or 
Sphere gap, have indicated that at no time 
does the peak voltage across the tube ex- 
ceed this value.. | : 


If the keno-. 


, of all tubes 


maximum peak current available, 
Sult in decreased tube life. 


The regulation of the filament supply 
voltage should be such that the minimum 
filament voltage will not be less than 
that recommended in the tabulation for the 
peak current demand. | : 


The filament should be operated at 
constant voltage rather than at constant 
Current and should always be allowed to 
reach normal operating temperature before 
the plate voltage is applied. A 


Six basic circuits in which the keno- 


will re- 


tron may be used are shown schematically 
on Fig. 1. The values given are ideal 
conditions which usually cannot be ob- 
tained in actual installations because 


of poor regulation and other abnormal Ssup- 
ply line conditions. Therefore, these 
factors must be considered and subtracted 
from the Supply voltage to the tubes in 
order that the maximum voltage rating is 
not exceeded. 


filaments 
must be supplied from & com- 
mon Source and the voltage of this source 
must be adjusted to the rated value of the 
individual tube when all tubes are lightea 


In parallel operation ‘the 


In series circuits, Separate filament 
transformers must be provided. Also pro- 
vision must be made for equalizing the 
voltage drop of each tube in the series. 


_When any kenotron, except the FP-85, 
is first placed in operation the following 
procedure should be observed. The tube 
Should be operated without plate voltage 
for five minutes at rated filament volt- 
age. After this initial preheating sched- 
ule, the plate voltage can be applied. 
Start with not more than one-half the 
usual operating voltage and then carefully 
increase it in steps over a period of ap- 
proximately 15 minutes to the desired 
value. The tube should then be operated 
under the normal load conditions for a 
period of approximately 15 minutes or 
moree If the plate voltage is varied by 
taps on the primary, the plate-circuit re- 
lay should be open when the taps are 
changed in order to avoid dangerous surges. 
It is recommended that every three months 
spare tubes be given the preheating and 
initial operation schedule as discussed 
abovee This will insure that only good 
tubes are carried in stock. 
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General Installation and Operation of Kenotron Tubes 


Installation 


MECHANICAL 


The handling of a kenotron in trans- 
portation and 
Since the tube may be permanently damaged 
if subjected to shock. Each tube is sus- 
pended within its shipping carton so that 
it will not come in contact with the sides 
of the carton during shipment. The tube 
Should be stored in the carton and should 
extreme 
temperature changes. Furthermore, while 
the tube is being handled it should: be 
kept in a vertical position with the cath- 
ode end down. Under no circumstances 
Should crated tubes be piled on top of one 
another. ! 


The kenotron should be installed in a 


vertical position with the cathode base — 


down. 


In installations where a nonrigid 
anode connection is used, reasonable flex- 
ibility must be provided to prevent plac- 
ing a strain on the cathode base. Since 
the bulb becomes hot during continuous op- 
eration, it should not come in contact 
with any metallic body, nor be subjected 
to the drops or spray of any liquid. 7 


The accumulation of dust and metallic 
particles on the outer surface of the 
glass walls will increase the leakage over 
this surface. As this may result in tube 
failure 
of these surfaces should be maintained. 


When a kenotron is operated at volt- 
ages above 75 kv “peak inverse, harmful 
x-rays may be generated. Adequate protec- 
tion against these x-rays should be pro- 
vided. 


COOLING ~ 


Free circulation of cool air around 
the glass bulb should be maintained. High- 
temperature air from other apparatus 
should be prevented from circulating 
around the tubes. If desired the tubes 
may be immersed in a tank of oil with the 
transformers. 


*Note; The ratings and characteristics 
of a particular tube are given under Tech- 
nical Information on the Description and 
Rating Sheet for that tube. 


storage requires great -care 


from arc-over, periodic cleaning 


ELECTRICAL 


Filament power should be supplied 


from a filament lighting transformer insu- 


lated for the proper voltage. This trans- 
former should be provided with a secondary 


- midtap for the plate circuit return lead. 


The filament excitation supply must be 
provided with suitable resistors or other 
regulating devices to apply the power to 
the filament gradually and to adjust it 
accurately during operation. The filament 
voltage should be measured directly at the 
filament terminals. 


The high initial rush of current 
through the filament when the switch is 
first closed should be limited by the use 
of some form of filament starter. The 
proper use of the filament regulating de- 
vices will prevent this initial rush of 
current from destroying the filament. In 
any case, the current through the filament 
should never, even So one envousl ss exceed 
twice the *rated value. 


When the apparatus in which the tube 
is used is to be idle for periods not ex- 
ceeding two hours, voltage should be main- 
tained on the filament. However, if de- 
Sired, provision may be made to reduce the 
filament voltage to approximately 80 per 
cent of the *rated value during "standbys." 
Where stand-by periods exceed two hours 
the filament voltage may be removed. 


| The plate circuit should be provided 
with a time-delay relay which will prevent 


application of plate voltage until the 

filament has reached normal operating 

temperature. 3 
Automatic protective devices should 


be installed to prevent 
age, over-plate-current, 
ment-yoltage conditions. 


over-plate-volt- 
or under-fila- 


In the case of multi-phase installa- 
tions, the plate transformer is usually 
designed for, rectifier use. In the case 
of a double Y rectifier, the use of an in- 
ter-phase transformer is recommended. The 
cathode base should not be connected to 


ground or to any other part of the cir- 
cuit. 7 ° 

The installation of all wires and 
connections should be made so _ that they 


do not lie on or close to the glass of the 
kenotrone An air space of approximately 
the length of the tube should be main- 
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This tube uses inventions of United States Patents 
owned by or licensed to General Electric Company, 
Patent numbers, if not enclosed, supplied upon re- 
quest. Licensed for all purposes except public service 
communications for hire or toll. 

The sale of this tube does not convey any license 
under patent claims on combinations of the tube with 


ether devices or elements. 
NP-124674 


